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Abstract
In the conditions of the western Forest-steppe, leguminous crops, including sowing peas, are the main and most important 
source of vegetable protein, which solve the biological and ecological problems of modern agriculture in Ukraine. 
The article presents the main research results on the study of the effect of mineral fertilizers and growth regulators on the 
formation of the sowing peas productivity in the conditions of the western Forest-steppe.
The field trifactor experiment was laid in the ten-field crop rotation in Podillia Research Center of State Agrarian and En-
gineering University in Podilya, during 2016–2018. The field experiment was laid down in the research ten-digit crop rotation. In 
microstages VVSN 55-65 (budding – flowering) crops were sprayed with growth regulators PlantaPeg, Еmistim С and Vympel.
The studies carried out showed that the individual productivity of plants of the Chekbek variety was the best of all the vari-
eties that were studied. It was found, that high indices of the mass of 1000 seeds were in the variants, where mineral fertilizers were 
used at a dose of N30P30K45 with the plant growth regulator Vympel. According to this fertilizer composition, the mass indices of 1000 
seeds for peas of the Chekbek variety were 266.4 g, and for the Hotivskyi and Fargus varieties – 260.6 g and 238.4 g, respectively.
The grain yield of peas is an integrated indicator of the action of all life factors on the plant organism during its growth 
and development. To a large extent, it depends on the biological characteristics of the variety, the supply of moisture and nutrients 
to the plant, technological methods of cultivation, as well as natural and climatic conditions. In our studies, the crops, fed with 
mineral fertilizers and growth regulators, were significantly less exposed to adverse factors, and the studied technology elements 
had a positive effect on the productivity of pea grain. The maximum biological yield was for the application of mineral fertilizers 
in doses of N30P30K45 and the plant growth regulator Vympel. For the varieties of Hotivskyi peas, these indicators were 3.79 t/ha, 
Chekbek 4.32 t/ha, and Fargus 3.30 t/ha.
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1. Introduction
One of the important directions of the successful development of the latest agricultural 
technologies in crop production is the creation of highly productive agrocenoses of leguminous 
crops, which make the most of the bioclimatic resources of the region [1, 2]. Legumes are the main 
and very important source of vegetable protein and solve the biological and ecological problems of 
modern agriculture in Ukraine [3].
Peas have high nutritional and fodder qualities. Pea grain contains from 16 to 36 % of pro-
tein, starch, sugar, fat, vitamins (А, В1, В2, В6, С, РР, К, Е), carotene, minerals (salts of potassium, 
calcium, manganese, iron, phosphorus) up to 54 % of carbohydrates [4]. The amount of ash in pea 
seeds varies considerably and depends on the soil and agricultural practices of their processing, 
Original Research Article:
full paper
(2021), «EUREKA: Life Sciences»
Number 2
4
Agricultural and biological sciences
climate. The average ash content is from 2 to 5 %, as in cereals, 75 % ash consists of phosphorus 
and potassium. Unlike cereals, pea ash contains less magnesium, but more calcium and especially 
sulfur. The fat content is small within 2–3 % and varies slightly in different varieties of crops. In 
the seeds, the fat is mainly found in the embryo [5, 6].
The problem of growing peas in the last decade has been associated with its harvesting, when 
it was separate and was carried out with a large expenditure of time and energy, and the losses reached 
about 80 % [7]. But new varieties of foreign and national selection have appeared, suitable for direct 
combining, which is carried out by conventional combine harvesters with minimal losses. These are 
the so-called erect or half leafless varieties of peas [8–10]. Their main feature is that the upper leaves 
are morphologically transformed into fake whiskers, which cause additional adhesion between neigh-
boring plants on the upper tier. However, plants, saturated with so many economically valuable traits, 
need proper care. First of all, special requirements for sowing material. Only the use of original seeds 
of high reproduction can provide the yield that was programmed by breeders [11, 12].
The introduction of new varieties into production allows more efficient use of material and 
technical resources and improves the quality of marketable and seed products [13]. The elements of 
the technology for growing peas should be aimed at creating optimal conditions for the growth and 
development of plants at each stage of ontogenesis, and otherwise will lead to a decrease in yield. 
Compliance with the basic technological conditions for growing peas will allow realizing the ge-
netic potential of new varieties and obtaining high and stable yields and high-quality grain [14–16].
Favorable weather conditions and temperature regime, present during the growing season 
and especially from the beginning of the laying of generative organs to flowering, have the greatest 
influence on the productivity and quality of the sowing pea grain [17].
Compared to other legumes, peas have good grain quality and a short growing season. It is 
one of the best precursors for winter cereals [18–20].
The purpose of the research was to study the peculiarities of the formation of the yield of 
sowing pea, depending on the effect of mineral fertilizers and growth regulators in the conditions 
of the western Forest-steppe.
2. Materials and methods
2. 1. Agrochemical characteristics of the experimental site soil
Laboratory analyzes of soil were carried out in Khmelnytskyi Regional State Technological 
Center for Soil Fertility Protection and Product Quality according to the following methods: pH 
of aqueous and saline suspensions and hydrolytic acidity by the Kappen method; the number of 
absorbed bases by the Kappen-Gilkowitz method; humus content according to Tiurin; alkaline 
hydrolyzed nitrogen according to Cornfield; mobile compounds of phosphorus and potassium by 
the modified Chyrikov method [21–24].
The soil of the experimental field is typical black soil (chernozem), deep low-humus heavy 
loam on loess-like loam. According to the research results of the Department of Agriculture, Soil 
Science and Plant Protection of State Agrarian and Engineering University in Podilya, it was estab-
lished, that the experimental site is characterized by the following agrophysical and agrochemical 
soil properties: the density of the solid phase of the 0–30 cm soil layer is 2.55–2.62 g/m3; pH of 
aqueous and salt suspensions and hydrolytic acidity according to the Kappen method in the modi-
fication of TsINAO (GOST 26212-91). Thus, the aqueous pH in the upper layer is: 6.8 a, hydrolytic 
acidity is 0.70 mg-eq./100 g of soil. The content of humus according to Tiurin in the modification 
of TsINAO (GOST 26213-84) in the upper horizon is 3.39 %. Density of folding – 1.17–1.25 g/m3; 
total porosity – 51.6–54.7 %, nitrogen content (according to Cornfield) – 13.6–14.2, phosphorus and 
potassium according to Chyrikov (DSTU-4115-2002) – 15.7–16.4 and 22.4–26.3 mg per 100 g of 
soil, respectively. Absorption capacity at the level of 20–25 mg-eq./100 g of soil.
2. 2. The scheme of the experiment and research methods
The field research envisaged the study of the growth, development, and productivity of 
sowing peas varieties, depending on fertilization with mineral fertilizers and growth regulators in 
the conditions of the western Forest-steppe.
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The field experience was laid in the ten-field research crop rotation of the Podillia Research 
Center during 2016–2018.
The experiment studied the effect and interaction of three factors: A – varieties; B – mineral 
fertilizers; C – growth regulators (Table 1).
Таble 1
The scheme of the experiment
Factor А: variety Factor В: fertilizers Factor С: growth regulators
А1 – Hotivskyi (control)
В1 – P30K45 (control) С1 – without growth regulators (control)
В2 – N15P30K45 С2 – Еmistim С
А2 –Chekbek В3 – N30P30K45 С3 – PlantaPeg
А3 – Fargus В4 – N45P30K45 С4 – Vympel
Our research aimed to investigate and compare intensive varieties of sowing peas (factor A), 
recommended for the Forest-steppe zone.
The originator of the Hotivskyi variety, which was taken for control, is the company “Axial Ex-
impo Prague” (Czech Republic), added to the State Register of Ukrainian varieties in 2006. The variety 
is a high-yielding, intensive type, suitable for mechanized harvesting. By ripeness group – mid-season. 
According to the applicant, the recommended seeding rate is 1.0–1.2 ml/ha of germinating seeds.
The mid-ripening pea variety Chekbek was added to the State Register of Varieties in 2009. 
The originator of the variety is the Plant Production Institute nd. a. V. Ya. National Academy of 
Agrarian Sciences. This variety is suitable for direct harvesting. The recommended seeding rate, 
depending on the growing area of this variety, is 1.2–1.4 mln of germinating seeds per hectare.
In 2007, the pea variety Fargus was added to the State Register of Varieties of Ukraine, the 
applicant of which is the Research and Production Corporation “Stepova” LLC (Dnipro). The in-
tensive type variety is suitable for mechanized harvesting. According to the applicant, the sowing 
rate is from 1.0 to 1.2 ml/ha of similar seeds.
Phosphorus and potassium fertilizers were applied to the main tillage in autumn, and nitro-
gen fertilizers were applied in spring under pre-sowing tillage.
Pea crops of all three studied varieties were sprayed with plant growth regulators (factor C) in the 
micro stage BBCH 55–65 (the first flower buds appear, but the flowers are still closed – full flowering, 
50 % of the flowers are open). Emistim C growth bioregulator with a broad spectrum of action – a prod-
uct of biotechnological cultivation of epiphytic fungi from the root system of medicinal plants was used 
at a dose of 30 ml/ha. Plant growth regulator PlantaPeg (active substance polyethylene glycol (PEG) – 
400 and polyethylene glycol (PEG) – 1500, 800 g/l, fulvic acids and salts of humic acids, 4 g/l) was 
used with the recommended application rate of 25 g/ha. Vympel – a contact-systemic growth regulator, 
intended for the treatment of seeds and vegetative plants, the active ingredient is polyethylene oxide 
(PEO) – 770 g/l, washed salts of humic acids up to 30 g/l for the solution, used at a dose of 30 ml/ha.
The sown area of the elementary plot was 0.50 m2, the accounting area – 0.48 m2. The pre-
decessor is winter wheat. The soil cultivation was carried out due to generally accepted for the 
Forest-steppe zone of Ukraine mode.
The seeds were sown with a grain seeder, in the usual line method with a row spacing of 
15 cm, with a seeding depth of 5–6 cm and a seeding rate of 1.2 mln/ha of germinating seeds for 
all studied varieties of sowing peas. After sowing on the 2nd day, the sowing area was rolled with a 
ring roller. The studies were carried out according to the scheme in a trifactor field experiment by 
the method of randomized split areas. The variants are repeated four times.
The grain yield was determined on the counting part of the plots by the method of continu-
ous collection and weighing the grain of each plot, followed by the determination of moisture and 
debris. To determine the mass of 1000 seeds from a grain of peas, two replicates of 500 seeds were 
manually deducted without selection and weighed with an accuracy of one-hundredth of a gram. In 
the case, when the actual discrepancy exceeds the allowable, the third repetition was taken [25–27].
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3. Results
The maximum indices of the mass of 1000 seeds were in the peas of the Chekbek variety in 
the feeding areas of N30P30K45 in combination with the Vympel growth regulator and amounted to 
266.4 g, for the same dose of mineral fertilizers and growth regulators Emistim C and PlantaPeg, 
respectively 265.7 g and 264. 9 g. This fertilizer composition also had a positive effect for varieties 
Hotivskyi and Fargus, these indicators were 257.2–260.6 g and 235.1–238.4 g, respectively. 
Yields on feeding options of N30P30K45 in combination with growth regulators Emistim C and 
Vympel were respectively 3.71–3.79 t/ha for the variety Hotivskyi, 4.15–4.32 t/ha for the variety Chek-
bek, and the lowest yield was in variety Fargus 3.22–3.30 t/ha. The effect of PlantaPeg growth regulator 
had a smaller influence, but the biological productivity of peas was higher than the option without 
treatment with growth regulators and ranged from 3.13 to 4.0 t/ha depending on the variety (Table 2).
Таble 2
Influence of mineral fertilizers and growth regulators on the individual productivity of peas (average for 
2016–2018)
Factor В (mineral 
fertilizers doses)





1000 seeds, g Yield
Mass of 
1000 seeds, g Yield
Mass of 
1000 seeds, g Yield
P30K45 (c)* 
Without processing (c) 249.5 2.11 249.5 2.68 231.4 1.82
PlantaPeg 252.4 2.55 252.4 3.05 233.4 2.42
Emistim С 253.9 2.74 253.9 3.18 234.0 2.51
Vympel 254.3 2.85 254.3 3.31 235.1 2.64
N15P30K45
Without processing 251.1 2.67 251.1 3.23 232.9 2.50
PlantaPeg 254.7 3.17 254.7 3.75 234.7 2.95
Emistim С 256.2 3.34 256.2 3.87 235.9 3.06
Vympel 257.3 3.53 257.3 3.97 236.6 3.15
N30P30K45
Without processing 253.0 3.08 253.0 3.47 234.0 2.84
PlantaPeg 257.2 3.60 257.2 4.00 235.1 3.13
Emistim С 259.2 3.71 259.2 4.15 236.8 3.22
Vympel 260.6 3.79 260.6 4.32 238.4 3.30
N45P30K45
Without processing 250.3 2.98 250.3 3.00 232.3 2.48
PlantaPeg 253.6 3.28 253.6 3.34 234.0 3.01
Emistim С 255.8 3.42 255.8 3.60 235.2 3.13
Vympel 258.3 3.52 258.3 3.70 236.4 3.21
LSD0.05 mass of 1000 seeds for factor A – 0.71
LSD0.05 mass of 1000 seeds for factor В – 0.83
LSD0.05 mass of 1000 seeds for factor С – 0.83
LSD0.05 yield for factor А – 0.03
LSD0.05 yield for factor В – 0.04
LSD0.05 yield for factor С – 0.04
Note: Footnote * – (c) – control.
4. Discussions
Harvest structure analysis is an important method for assessing crop development. The main 
elements of the structure of the pea yield include the number of plants, preserved for harvesting, 
the number of beans per plant, the number of seeds in a bean, and the mass of 1000 seeds [28–30].
One of the important indicators of the yield structure is the mass of 1000 seeds, which in 
our studies depended on the varietal characteristics of the crop, the introduction of various doses 
of mineral fertilizers, and growth regulators. In the Hotivskyi pea variety, the mass of 1000 grains 
ranged from 249.5–260.6 g, Chekbek 261.1–266.4 g, and Fargus 231.4–238.4 g, depending on the 
applied cultivation techniques.
In the P30K45 fertilizer variants without spraying the plants with growth regulators, the Ho-
tivskyi pea variety provided a mass of 1000 grains of 249.5 g, Chekbek – 261.1 g, and Fargus – 231.4 g. 
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After spraying the crops with PlantaPeg, Emistim C and Vympel growth regulators, the mass of 
1000 seeds did not increase significantly, on average by 2.8–4.8 g, depending on the variety. With the 
addition of nitrogen in the norm N15, N30, and N45, but without growth regulators, the mass increased 
for the variety Hotivskyi by 1.6–3.5 g, for the variety Chekbek by 1.4–2.7 g, and Fargus by 1.5–2.6 g.
Grain yield is an integrated indicator of the effect of all life factors on a plant organism during 
its growth and development. In our studies, it largely depended on the biological characteristics of the 
variety, the supply of moisture and nutrients to the plant, the technological methods of cultivation, 
as well as the natural and climatic conditions. The pea varieties Hotivskyi, Chekbek, and Fargus, in-
tensive type, have a high yield potential, adapted to growing conditions in the western Forest-steppe.
Favorable conditions for the growth and development and realization of the biological productiv-
ity of peas were created with the introduction of mineral fertilizers in doses of N30P30K45, with the finish-
ing of crops with growth regulators, which, in extremely low concentrations, significantly changed the 
processes of their vital activity in plants and contributed to an increase in the yield of pea grain. 
Оn the N45P30K45 fertilizer variants without treatment with growth regulators, the average 
grain yield for three years in Hotivskyi, Chekbek, and Fargus pea varieties was 2.98 t/ha, 3,00 and 
2.48 t/ha, respectively. After spraying the plants with regulators, the yield increased by 18–19 % 
compared to variant P30K45, while in the variants of fertilizers, where mineral fertilizers were ap-
plied in doses of N30P30K45 and growth regulators, these figures increased by 23–25 %. Due to this, 
only mineral fertilizers in doses of N45P30K45 were less effective.
5. Conclusions
Over the years of research, study, and detailed analysis of the grain of the sowing pea va-
rieties Hotivskyi, Chekbek, and Fargus, it was established, that the mass of 1000 seeds depended 
on the varietal characteristics of the crop, the introduction of various doses of mineral fertilizers 
and growth regulators. In the Hotivskyi pea variety, the mass of 1000 grains ranged from 249.5 to 
260.6 g, Chekbek 261.1 to 266.4 g, and Fargus 231.4 to 238.4 g.
The application of mineral fertilizers in doses of N30P30K45 in combination with growth regula-
tors Emistim C and Vympel had the best effect on the biological productivity of peas. Yields in these 
variants were 3.71–3.79 t/ha for Hotivskyi, 4.15–4.32 t/ha for Chekbek, and 3.22–3.30 t/ha for Fargus.
The introduction of higher norms of nitrogen fertilizers N45P30K45 less effectively influenced 
the biological productivity of pea grain since the introduction of mineral nitrogen in a higher dose 
led to the suppression of the symbiotic and photosynthetic apparatus, these are the main indicators 
for the formation of the yield of leguminous crops.
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